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Specification 

1 . Title of the invention 

Projection-type liquid crystal display device 

2. Claim 

A projection-type liquid crystal display device, provided with: 
a rectifying circuit that rectifies an AC power supply voltage, 

a voltage-stabilizing circuit that switches the rectified voltage from said rectifying circuit by means 
of a switching means and then converts the voltage back to DC voltage, detects said DC voltage by 
means of a voltage-detecting means, detects the error between said DC voltage and a reference 
voltage by means of an error-detecting means, uses this error voltage to control the switching cycle 
of said switching means, and controls said DC voltage to match said detected voltage with said 
reference voltage, 

a lamp-driving output circuit to which said DC voltage from said voltage-stabilizing circuit is input 
as a power supply voltage and that supplies a drive current to a lamp, 

a liquid crystal light bulb that is driven by picture signals, into which the light from said lamp enters, 
and that projects picture beams that are modulated according to the picture signals, 
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a projection lens that magnifies the picture beams from said liquid crystal light bulb and projects 
them onto a screen, 

a picture level detection means that detects the average picture level in the picture signals used for 
driving said liquid crystal light bulb, and 

a reference voltage-varying means that varies the reference voltage for said voltage-stabilizing 
circuit according to the signals from said picture level detection means, so as to raise the power 
supply voltage for said lamp-driving output circuit when said average picture level is low, and to 
lower the power supply voltage for said lamp-driving output circuit when said average picture level 
is high. 

3. Detailed explanation of the invention 
[Object of the Invention] 
(Industrial field of application) 

The present invention relates to a projection-type liquid crystal display device that can display 
bright pictures such as bright white characters with excellent contrast when projecting a magnified 
image onto a screen by means of a liquid crystal light bulb. 

(Related art) 

Projection-type liquid crystal display devices that utilize the light bulb performance (light- 
controlling function) of liquid crystals have recently been developed. 

FIG. 10 illustrates the configuration of a projection-type liquid crystal display that uses a 
conventional liquid crystal light bulb. The divergent light from a light source 101 is converted into 
parallel light by a condensing lens 102, illuminates a liquid crystal light bulb 103, and is then 
magnified and projected onto a screen 105 by a projection lens 104. 

FIG. 1 1 is a characteristic curve diagram showing the relationships between the light transmittance 
and the drive voltage of said liquid crystal light bulb 103 (hereafter referred to as the "V-T 
characteristic"). This characteristic is called "normally black" and results in a display mode in 
which the screen is dark when no drive voltage is being applied. As shown in FIG. 11, gradually 
increasing the drive voltage V increases the light transmittance T, but this light transmittance T 
becomes saturated at a certain voltage level. 

When a liquid crystal light bulb having such a characteristic is driven by picture signals, the full 
width of the dynamic range of the V-T characteristic is utilized to drive the light bulb in order to 
obtain the necessary brightness and contrast, regardless of the size of the average picture level (APL) 
(that is, for white signals, a drive voltage V that is sufficient to saturate the light transmittance T is 
used). Therefore, the brightness of a white image within a picture that is generally bright becomes 
the same as the brightness of a white image within a picture with a low APL, such as when a small 
number of white images are present within a picture that is generally dark. 
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In contrast, in the case of a TV receiver that employs an ordinary cathode ray tube (CRT), it is 
well known that the drive characteristic of the CRT has an extremely wide dynamic range unlike 
the aforementioned liquid crystal display. Therefore, when picture signals with differing APLs 
are to be displayed as described above, different brightness levels are used for the white images 
in most cases. That is, the brightness of a white image within a picture with a low APL, such as 
when only a small number of white images are present within a picture that is generally dark, is 
increased, making it higher than the brightness of a white image within a picture that is generally 
bright, causing the white peaks to shine. Doing so can give the displayed picture a three- 
dimensional feel, luster, and shine. 

To make a liquid crystal light bulb behave in the same way, one possible approach is to use the 
normal drive voltage in the dynamic range that is roughly one half of the V-T characteristic, and to 
increase the drive voltage to the full width of the dynamic range when a picture with a low APL is 
to be displayed, thereby giving shine to the white peaks. However, in this case, under normal usage, 
the drive voltage level is lowered, nearly halving the light transmittance of the liquid crystal light 
bulb, which results in poor utilization of the light beam from the light source, and the light that is 
not transmitted ends up being converted into heat by the polarizer. 

(Problems that the Invention is to Solve) 

As described above, a device utilizing a conventional liquid crystal light bulb has a narrow dynamic 
range and therefore cannot display a picture with high contrast and, when only a small number of 
white peaks are present within a picture that is generally dark, is problematically unable to obtain 
sufficient brightness for the white peaks. Furthermore, an attempt to improve this situation results in 
the problem of low utilization of the light from the light source. 

The present invention solves these problems unique to liquid crystal light bulbs, and its object is to 
provide a projection-type liquid crystal display device that can provide excellent contrast, improve 
the brightness of white peaks, and project bright white characters. 

[Constitution of the Invention] 
(Means of Solving the Problems) 

The projection-type liquid crystal display device according to the present invention controls the 
volume of light from a lamp that enters the liquid crystal light bulb according to the picture 
signal level, lowering the volume of light emitted from the lamp when the APL level of the 
picture is high and increasing the volume of light emitted by the lamp when the APL level of the 
picture is low. For this reason, the present invention is provided with a lamp lighting circuit that 
is comprised of a power supply rectifying circuit; a voltage-stabilizing circuit that compares the 
voltage detected from this rectifying circuit with the reference voltage and controls the output 
voltage in order to eliminate the error between the two; and a lamp-driving output circuit that uses 
the output voltage from this voltage-stabilizing circuit as the power supply voltage and supplies a 
drive current to the lamp; and also with a picture level detection means that detects the APL of the 
picture signals that enter the liquid crystal light bulb; and a reference voltage-varying means that 
varies the reference voltage for said voltage-stabilizing circuit according to the detected APL signals, 
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increasing the power supply voltage to said lamp-driving out circuit when the APL is low and 
lowering the power supply voltage to said lamp-driving out circuit when the APL is high. 

(Operation of the Invention) 

According to the present invention, the volume of light emitted from the lamp is controlled 
according to the APL of the picture signal. Like the ABL control method used in CRT TV 
receivers, by increasing the volume of light emitted from the lamp when the picture signal has a 
low APL and lowering the volume of light emitted from the lamp when the picture signal has a 
high APL, it is possible to raise the brightness of the white peaks within a picture with a low 
APL improving the contrast. Moreover, doing so does not reduce the light utilization rate of the 
liquid crystal light bulb. 

(Embodiments) 

Embodiments of the present invention are explained, referencing the drawings. 

FIG. 1 is a block diagram illustrating an embodiment of the lamp-lighting circuit used in the 
projection-type liquid crystal display device according to the present invention. 

In FIG. 1, the AC voltage (e.g., 100 V) from an AC power supply 1 is converted into a DC 
voltage by means of a rectifying circuit 2 and is input into a chopper circuit 3. The chopper 
circuit 3 performs switching operations for turning ON or OFF the input DC voltage, and its 
switching cycle is PWM-controlled (pulse-width-controlled) by a chopper drive circuit 4. The 
pulse output from the chopper circuit 3 is converted back to AC voltage by a smoothing circuit 5, 
and is supplied as the power supply voltage +B to a lamp-driving output circuit 6. The lamp- 
driving output circuit 6 is driven by a drive circuit 7 and supplies an electric current to a lamp 8. 
A metal halide lamp, which offers high light emission efficiency and excellent color 
reproducibility, is used for the lamp 8. 

Meanwhile, in order to stabilize the DC voltage that is output from the smoothing circuit 5, the 
smoothed voltage is split and detected by a detection resistor 9, and is supplied to one of the 
input terminals (+) of an error amplifier 10. The reference voltage that is set by a reference 
voltage generation circuit 13, described below, is applied to the other input terminals (-) of the 
error amplifier 10, and feedback is used to match said detected voltage to this set voltage. As a 
result, a so-called "step-down regulator" (voltage-stabilizing circuit) is obtained. 

The same picture signal that is supplied to a liquid crystal light bulb (not shown in the figure; see 
FIG. 10) is input into terminal 11, an APL detection circuit 12 detects the APL of the picture 
signal, and the detected APL voltage is applied to the reference voltage generation circuit 13. 
The reference voltage generation circuit 13 varies the reference voltage according to the detected 
APL voltage and supplies it to the (-) terminal of said error amplifier 10. 

The operation of the lamp-lighting circuit and projection-type liquid crystal display device thus 
configured is explained below. 
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First, when a picture signal with a low APL is input into terminal 1 1, the output voltage from the 
APL detection circuit 12 increases, working to increase the reference voltage generated by the 
reference voltage generation circuit 13. As a result, the error input voltage of the error amplifier 
10 decreases, but its error output voltage controls the chopper drive circuit 4, which is a PWM 
control circuit, so as to increase the power supply voltage +B of the lamp-driving output circuit 6. 
FIG. 2 shows the relationship between the lamp power supply voltage +B and the error input 
voltage of the error amplifier 10 shown in FIG. 1, in which, as the error input voltage decreases, 
the power supply voltage +B increases. Therefore, when the APL of the picture signal is low, the 
electric current flowing through the lamp 8 increases, thus increasing the volume of light emitted. 

On the other hand, when a signal for a bright picture with a high APL is input, the opposite 
operation is performed, as a result reducing the volume of light emitted from the lamp 8. 

FIG. 3 shows the relationship between the APL of the picture signal and the lamp brightness in 
FIG. 1. As shown in FIG. 3, the lamp-lighting circuit is controlled such that the lamp brightness 
is increased in the regions with a low APL and decreased in the regions with a high APL. 

FIG. 4 shows the relationship between changes in the APL of the picture signal and the 
projection screen brightness in the projection-type liquid crystal display device that utilizes the 
lamp-lighting circuit shown in FIG. 1. In FIG. 4, (a) shows the screen brightness when the APL 
is low, while (b) shows the screen brightness when the APL is high. As shown here, the 
brightness of a white signal on the projection screen is high when the APL is low, and the 
brightness of a white signal on the projection screen is low when the APL is high. This results in 
an improvement in the brightness of white peaks within a picture with a low APL, i.e., when a 
small number of white images are present within a generally dark picture, producing a picture 
display with excellent contrast. 

FIG. 5 is a circuit diagram illustrating an embodiment of a specific circuit of the area comprised 
of the AC power supply 1, rectifying circuit 2, chopper circuit 3, smoothing circuit 5, lamp- 
driving output circuit 6, and lamp 8. 

In FIG. 5, the rectifying circuit 2 forms a voltage-doubling rectifying circuit consisting of diodes 
Dl and D2 and capacitors CI and C2. Ql is a transistor for the chopper, while D3 is a damper 
diode. The transistor Ql is switched by the PWM-controlling pulse from the chopper drive 
circuit 4 (not shown in the figure). The pulse voltage that is chopped by the transistor Ql is 
smoothed by the smoothing circuit 5 comprised of a coil LI and a capacitor C3, and is supplied 
as the power supply voltage to the lamp-driving output circuit 6 comprised of transistors Q2, Q3, 
Q4, and Q5, all of which together form a full-bridge inverter. These transistors Q2, Q3, Q4, and 
Q5 are switched by drive signals from the drive circuit 7 (not shown in the figure). 

FIG. 6 is a circuit diagram illustrating an embodiment of a specific circuit of the APL detection 
circuit 12 shown in FIG. 1. In reference to FIG. 6 and FIG. 1, like numerals represent like 
elements. A picture signal with a positive polarity is input from the terminal 1 1 and applied to 
the collector of a transistor 34 via a coupling capacitor 31. The collector of the transistor 34 is 
biased with the voltage that is split off by resistors 32 and 33 from the power supply voltage Vcc 
supplied to the power supply terminal 2 1 . A gate pulse is applied to the base of the transistor 34 
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from a terminal 22 via a resistor 35. This transistor 34 detects the gate pulse period and APL 
level. An example of the periods detected is the blanking period of the picture signal. Next, the 
detected APL level is peak-rectified by a time-constant circuit comprised of a rectifying diode 37, 
a resistor 38, and a capacitor 39 via a buffer transistor 36, and is applied to the input terminal (-) 
of the error amplifier 10 via a buffer amplifier comprised of a transistor 40 and a resistor 41 and 
via a resistor 42. This input terminal (-) is biased with the voltage that is split off by resistors 43 
and 44 from the reference voltage Vref supplied by the reference voltage generation circuit 13. 
The detected power supply voltage +B is input from a terminal 23 into the other input terminal 
(+) of the error amplifier 10. The output from the error amplifier 10 is output from a terminal 24 
as a switching pulse to a chopper circuit (not shown in the figure) via the chopper drive circuit 4. 

In such a configuration, when a picture signal with a positive polarity is input from the terminal 
1 1, the collector input for the transistor 34, the emitter output from the buffer transistor 36, and 
the emitter output from the buffer transistor 40 appear as shown in FIG. 7, for both cases (a) 
Picture signal with a low APL and (b) Picture signal with a high APL. Note that (c) shows the 
gate pulse that is supplied to the terminal 22. As shown in the figure, the emitter voltage of the 
buffer transistor 40 is high when the APL is low and is low when the APL is high. Since this 
voltage change is applied via the resistor 42 to the input terminal (-) of the error amplifier 10, the 
reference voltage is changed as a result, making it possible both to PWM-control the chopper 
circuit 3 via the chopper drive circuit 4 and to control the power supply voltage +B of the lamp- 
driving output circuit 6. 

Note that since the reference voltage generation circuit 13, the error amplifier 10, and the 
chopper drive circuit 4 all use the type of PWM controller ICs generally used in switching 
regulators, an explanation of their detailed circuits is omitted here. 

FIG. 8 is a circuit diagram illustrating another embodiment of the APL detection circuit 12. In 
reference to this figure and FIG. 6, like numerals represent like elements. A picture signal in 
which the tip of the synchronization signal is clamped, for example, is input into the terminal 11. 
The collector of a transistor 50 is connected to the power supply terminal 21 via a parallel circuit 
comprised of a resistor 51 and a capacitor 52, and its emitter is connected to the reference 
potential point via a resistor 53 and a zener diode 54. The collector of the transistor 50 is 
connected to the base of a PNP-type transistor 55, and the emitter of the transistor 55 is 
connected to the power supply terminal 21 via a parallel circuit comprised of a resistor 56 and a 
capacitor 57, as well as to the base of the transistor 40. The transistor 40, the resistors 42, 43, and 
44, the error amplifier 10, the reference voltage generation circuit 13, the chopper drive circuit 4, 
and the terminals 23 and 24 are identical to those shown in FIG. 6. 

In such a configuration, when a clamped picture signal is input into the base of the transistor 50, 
a signal whose level meets or exceeds the threshold value set by the zener diode 54 is inverted, 
amplified, and output from the collector of the transistor 50. This signal is rectified using the 
base and emitter of the transistor 55, and is then extracted via the buffer transistor 40. The 
emitter output from this transistor 40 is used to vary the reference voltage at the input terminal (-) 
of the error amplifier 10. As a result, the collector input into the transistor 50 and the emitter 
output from the buffer transistor 40 appear as shown in FIG. 9, for both cases (a) Picture signal 
with a low APL and (b) Picture signal with a high APL. The shaded area indicates the area that is 
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inverted and amplified by the transistor 55, and the area below this threshold value is rectified 
through the base and emitter of the transistor 40. Therefore, the emitter output of the transistor 40 
changes according to the volume of white level signals that meet or exceed the threshold value, 
making it possible to increase the power supply voltage +B to increase the lamp brightness when 
the APL of the picture is low, and to decrease the power supply voltage +B to decrease the lamp 
brightness when the APL of the picture is high. 

[Effects of the Invention] 

As explained above, the present invention can produce bright white peaks even within a picture 
that is generally dark, without reducing the light utilization rate of the liquid crystal light bulb, 
resulting in the display of bright images such as bright white characters with improved contrast. 

4. Brief Explanation of Drawings 

FIG. 1 is a block diagram illustrating an embodiment of the lamp-lighting circuit used in the 
projection- type liquid crystal display device according to the present invention; FIG. 2 shows the 
relationship between the error input voltage of the error amplifier and the power supply voltage 
of the lamp-driving output circuit in the circuit shown in FIG. 1 ; FIG. 3 shows the relationship 
between the average picture level of the picture signal and the lamp brightness in FIG. 1 ; FIG. 4 
shows the relationship between the average picture level displayed on the projection-type liquid 
crystal display device obtained by the circuit shown in FIG. 1 and the screen brightness; FIG. 5 
is a circuit diagram illustrating embodiments of the rectifying circuit, chopper circuit, smoothing 
circuit, and lamp-driving output circuit shown in FIG. 1; FIG. 6 is a diagram illustrating an 
embodiment of the APL detection circuit shown in FIG. 1 ; FIG. 7 is a diagram that explains the 
operation of the circuit shown in FIG. 6; FIG. 8 is a diagram illustrating another embodiment of 
the APL detection circuit shown in FIG. 1; FIG. 9 is a diagram that explains the operation of the 
circuit shown in FIG. 8; FIG. 10 is a diagram that explains the overall configuration of a 
conventional projection-type liquid crystal display device; and FIG. 1 1 is a diagram that explains 
the relationships between the light transmittance and the drive voltage of the liquid crystal light bulb. 

1 : AC current 

2: Rectifying circuit 

3: Chopper circuit 

4: Chopper drive circuit 

5: Smoothing circuit 

6: Lamp-driving output circuit 

8: Lamp 
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10: Error amplifier 

1 1 : Picture signal input terminal 

12: APL detection circuit 

13: Reference voltage generation circuit 

FIG. 1 

2: Rectifying circuit 
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3: Chopper circuit 

5: Smoothing circuit 

6: Lamp-driving output circuit 

8: Lamp 

4: Chopper drive circuit 
10: Error amplifier 
7: Drive circuit 

1 1 : Picture signal input terminal 

12: APL detection circuit 

13: Reference voltage generation circuit 



FIG. 2 

Power supply voltage +B (or lamp output light) 
Error input voltage 



FIG. 3 

Lamp brightness 

Average picture level (APL) 



FIG. 4 

Screen brightness 

Time 

APL level 

(a) Low APL 



FIG. 5 



FIG. 6 

1 1 : Picture signal input terminal 
22: Gate pulse 
13: Reference voltage generation circuit 
4: Chopper drive circuit 
Detected +B voltage 



FIG. 7 

Collector input into the transistor 34 



Screen brightness 
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Emitter output from the transistor 40 
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(a) Signal with low APL High 

Collector input into the transistor 34 

Bias level Emitter output from the transistor 36 

Emitter output from the transistor 40 

(b) Signal with high APL Low 

(c) Gate pulse 



FIG. 8 

Clamped picture signal 

13: Reference voltage generation circuit 

4: Chopper drive circuit 

Detected +B voltage 
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FIG. 9 

Collector output from the transistor 50 

Threshold value 

Emitter output from the transistor 40 

(a) Signal with low APL High 

Collector output from the transistor 50 

Threshold value 

Emitter output from the transistor 40 

(b) Signal with high APL Low 



FIG. 10 



FIG. 11 

Light transmittance T 
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